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7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGVSKRWRYROWDLFHQHUJ\SKRWRYROWDLFV\VWHPVK\GURJHQWHFKQLFDODQDO\VLVILQDQFLDODQDO\VLV


&RUUHVSRQGLQJDXWKRU7HO
(PDLODGGUHVVJLXUFDBLRDQ#\DKRRFRP
© 2016 The Authors. Published by lsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the “Petru Maior” University of Tirgu Mures, Faculty of Engineering
782   George Sebastian Naghiu et al. /  Procedia Technology  22 ( 2016 )  781 – 788 
,QWURGXFWLRQ
&RQWH[W
7KH WUDQVLWLRQ WRDK\GURJHQEDVHGHFRQRP\LQYROYHV WKHFUHDWLRQRIDQ LQIUDVWUXFWXUH IRUK\GURJHQSURGXFWLRQ
DQGGLVWULEXWLRQE\SLSHOLQHV\VWHPVEXWDOVRWKHGHYHORSPHQWRISUHVVXUL]HGK\GURJHQIXHOLQJVWDWLRQVIRUPRELOH
DSSOLFDWLRQVDQG WUDQVSRUW6\VWHPHIILFLHQF\DQGK\GURJHQSURGXFWLRQFRVWGHSHQGGLUHFWO\SURSRUWLRQDOO\ WR WKH
GLVWDQFHEHWZHHQWKHSODFHRISURGXFWLRQDQGWKHSODFHRIXVHRIWKHK\GURJHQ
7KHFXUUHQWVWDJHRILQWHUQDWLRQDOUHVHDUFK
&RQYHQWLRQDOVRODUV\VWHPVHLWKHUSKRWRYROWDLFRUWKHUPDOVRODURQHVJHQHUDWHRQO\RQHW\SHRIHQHUJ\/DWHO\
WKHUH LV D WHQGHQF\ LQ WKH GHYHORSPHQW RI FRJHQHUDWLRQ VRODU V\VWHPV QDPHO\ WKH VLPXOWDQHRXV SURGXFWLRQ RI
HOHFWULFLW\DQGKHDW
/DWHVWGHYHORSPHQWVLQWKHVRODUILHOGUHYHDOWHQGHQFLHVRIGHYHORSLQJWULJHQHUDWLRQV\VWHPVWKDWDUHSURGXFLQJ
HOHFWULFLW\KHDWDQGUHIULJHUDWLRQ3URGXFWLRQRIUHIULJHUDWLRQXVLQJDYHUDJHWHPSHUDWXUHKHDW&LVSRVVLEOH
E\ XVLQJ DQ DEVRUSWLRQ OLWKLXPEURPLGH FKLOOHU 7KHVH WHFKQRORJLHV DUH VXLWDEOH IRU FRPPHUFLDO RU UHVLGHQWLDO
DSSOLFDWLRQV
0RGXODU GHYHORSPHQW RI FRQFHQWUDWHG K\EULG VRODU V\VWHPV ZLOO DOORZ WKH GHYHORSPHQW RI V\VWHPV ZKLFK
JHQHUDWHVHYHUDOW\SHVRIHQHUJ\7KHVHZLOOEHDEOHWRSURGXFHVHYHUDOW\SHVRIHQHUJ\VLPXOWDQHRXVO\RUGHSHQGLQJ
RQWKHWHFKQLFDOQHHGVRUHFRQRPLFDGYDQWDJHVLQDIXOO\DXWRPDWHGDQGSURJUDPPHGSURFHVV
7KHFXUUHQWVWDJHRI5RPDQLDQUHVHDUFK
,Q ZDV SXEOLVKHG LQ5RPDQLD D ILUVW 3K' WKHVLV UHJDUGLQJ WKH SURGXFWLRQ RI K\GURJHQ EDVHG RQ QXFOHDU
HQHUJ\>@DQGPRUHUHFHQWO\ZHUHSXEOLVKHGRWKHUSDSHUV UHJDUGLQJ WKHSURGXFWLRQRIK\GURJHQ>@DVZHOODV
UHJDUGLQJWKHSKRWRYROWDLFV\VWHPV>@
7KHSXUSRVHGHVFULEHGLQWKHDUWLFOH
7KH SXUSRVH RI WKLV DUWLFOH LV WKH FRPSDUDWLYH DQDO\VLV RI K\EULG V\VWHPV IRU K\GURJHQ SURGXFWLRQ E\ ZDWHU
HOHFWURO\VLVK\GURJHQEHLQJSURGXFHGXVLQJHQHUJ\VXSSOLHGE\DSKRWRYROWDLFV\VWHP
7KHVWXG\PHHWV WKH(XURSHDQ8QLRQ¶VSROLF\ZKRVH WDUJHW LV WKH WUDQVLWLRQ WRDQHFRQRP\EDVHGRQK\GURJHQ
SURGXFHGIURPUHQHZDEOHVRXUFHVE\WKHPLGGOHRIWKHVWFHQWXU\>@
7KHDGGHGYDOXHRIWKHSUHVHQWDUWLFOH
7KLV SDSHU GHYHORSV IRU WKH ILUVW WLPH LQ WKH ILHOG RI WKH VRODU WHFKQRORJLHV WKH FRQFHSW RI D V\VWHP WKDW FDQ
VLPXOWDQHRXVO\SURGXFHPRUHWKDQWKUHHW\SHVRIHQHUJ\7KLVLVSRVVLEOHGXHWRWKHPRGXODUFRQFHSWLRQQDPHO\WKH
FRQFHSWLRQ RI VWDQGDUGL]HG PRGXOHV DV D VROXWLRQ IRU DWWUDFWLQJ DQG FRQFHQWUDWLQJ WKH VRODU UDGLDWLRQ EXW DOVR
GLIIHUHQWGHSHQGLQJRQWKHFRPSRQHQWZKLFKFRQYHUWVWKHHQHUJ\
7KLVSDSHUIRFXVHVRQWKHILQDQFLDODQDO\VLVRIWKHK\GURJHQSURGXFWLRQV\VWHPXVLQJWKHVRODUHQHUJ\7KLVDUWLFOH
DQDO\]HV WKH ODWHVW WHFKQLFDOVROXWLRQVUHJDUGLQJ WKHSURGXFWLRQRIK\GURJHQE\ZDWHUHOHFWURO\VLVK\GURJHQEHLQJ
SURGXFHGXVLQJHQHUJ\ VXSSOLHGE\DSKRWRYROWDLF V\VWHP:HKDYH WRPHQWLRQ WKDWPRVWRI WKH VWXGLHVDSSURDFK
RQO\WKHILQDQFLDODQDO\VLVRIWKHK\GURJHQSURGXFWLRQV\VWHPVE\PHDQVRIVRODUHQHUJ\XVLQJWKHVWDQGDUGWHFKQLFDO
VROXWLRQVDQGGRHVQ¶WDSSURDFKWKHILQDQFLDODQDO\VLVLQUHODWLRQZLWKWKHODWHVWWHFKQRORJLHVLQWKLVILHOG
$FFRUGLQJ WR WKLV VWXG\ VWDUWLQJ ZLWK  LW LV SRVVLEOH WKDW WKH SULFH RI K\GURJHQ PD\ EH FRPSHWLWLYH DV
FRPSDUHGWRWKHSULFHRIKHDY\RLO
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0DWHULDOVDQGPHWKRGV
0DWHULDOV
6FLHQWLILFFRQFHSW

x SURGXFWLRQDQGERWWOLQJVWDWLRQIRUSUHVVXUL]HGK\GURJHQREWDLQHGXVLQJUHQHZDEOHHQHUJ\DQGSKRWRYROWDLF
HQHUJ\UHVSHFWLYHO\
x K\GURJHQSURGXFWLRQFDSDFLW\NJ\HDUNJGD\\HDUO\DYHUDJHUHVSHFWLYHO\
x ERWWOLQJSUHVVXUHDWP
x QHWZRUNFRQQHFWLRQPHWKRGZLWKRXWZLWKQHWZRUNFRQQHFWLRQ
*HQHUDOGDWDDERXWWKHSURMHFW
x VWDWLRQORFDWLRQ5RPDQLDFHQWUHRIWKHFRXQWU\VHPLXUEDQDUHD
x SURMHFWILQDQFLQJEDQNFUHGLW
x VXEYHQWLRQVIRUUHQHZDEOHHQHUJ\JUHHQFHUWLILFDWHV0:K
:HVKDOODQDO\]HYDULDQWVRISURGXFLQJK\GURJHQXVLQJVRODUHQHUJ\
x DV\VWHPRISURGXFLQJK\GURJHQE\ZDWHUHOHFWURO\VLVDWDPELHQWWHPSHUDWXUHDQGHOHFWULFLW\REWDLQHGXVLQJ
FU\VWDOOLQHSKRWRYROWDLFSDQHOVV\VWHP6
x DV\VWHPRISURGXFLQJK\GURJHQE\ZDWHUHOHFWURO\VLVDWDPELHQWWHPSHUDWXUHDQGHOHFWULFLW\REWDLQHGXVLQJ
FRQFHQWUDWHGSKRWRYROWDLFV\VWHPVV\VWHP6
x DV\VWHPRISURGXFLQJK\GURJHQE\WKHHOHFWURO\VLVRIYDSRUREWDLQHGXVLQJDSDUWRIWKHVRODUUDGLDWLRQVSHFWHU
DQGHOHFWULFLW\REWDLQHGXVLQJFRQFHQWUDWHGSKRWRYROWDLFV\VWHPVK\EULGV\VWHPV\VWHP6
x DV\VWHPRISURGXFLQJK\GURJHQE\WKHHOHFWURO\VLVRIYDSRUREWDLQHGXVLQJFRQFHQWUDWHGWKHUPDOVRODUV\VWHPV
DQGHOHFWULFLW\REWDLQHGXVLQJFRQFHQWUDWHGSKRWRYROWDLFV\VWHPVK\EULGV\VWHPV\VWHP6
7KHWDEOHSUHVHQWVWKHFRPSRQHQWVRIWKHV\VWHPVFRQVLGHUHGIRUWKHSURGXFWLRQRIK\GURJHQ
7DEOH7KHFRPSRQHQWVRIWKHV\VWHPVFRQVLGHUHGIRUWKHSURGXFWLRQRIK\GURJHQ
1R 6\VWHP¶VFRPSRQHQW +\GURJHQSURGXFWLRQVROXWLRQ
6 6 6 6
 3KRWRYROWDLFSDQHOV &U\VWDOOLQH &RQFHQWUDWLQJ 3ODQH &RQFHQWUDWLQJ
 7\SHRIWKHV\VWHP
XVHGIRUWKH
PRXQWLQJRI
SKRWRYROWDLFSDQHOV
)L[HGPRXQWLQJ
V\VWHPIRU
SKRWRYROWDLFSDQHOV
6XQSRVLWLRQWUDFNLQJ
V\VWHPZLWKD[OHVIRU
FRQFHQWUDWLQJSKRWRYROWDLF
SDQHOV
0RXQWLQJV\VWHPIRU
WKHSKRWRYROWDLFSDQHOV

0RXQWLQJDQGVXQSRVLWLRQ
WUDFNLQJV\VWHPIRU
FRQFHQWUDWLQJSKRWRYROWDLF
SDQHOV
 7\SHRIWKHV\VWHP
XVHGIRUWKHZLULQJ
RISKRWRYROWDLF
SDQHOV
'&HOHFWULFV\VWHP
IRUZLULQJWKHSDQHOV
LQVHULHVDQGSDUDOOHO
'&HOHFWULFV\VWHPIRU
ZLULQJWKHSDQHOVLQVHULHV
DQGSDUDOOHO
'&HOHFWULFV\VWHPIRU
ZLULQJWKHSDQHOVLQ
VHULHVDQGSDUDOOHO
'&HOHFWULFV\VWHPIRU
ZLULQJWKHSDQHOVLQVHULHV
DQGSDUDOOHO
 6WHDPJHQHUDWRUZLWK
FRQFHQWUDWHGVRODU
UDGLDWLRQ
1R 1R 1R <HV
 6WHDPGLVWULEXWLRQ
V\VWHP
1R 1R 1R <HV
 7\SHRIHOHFURO\]HU )RUOLTXLGZDWHU )RUOLTXLGZDWHU )RUOLTXLGZDWHU )RUKLJKWHPSHUDWXUHVWHDP
 &RPSUHVVRUIRU
LQFUHDVLQJWKH
K\GURJHQSUHVVXUH
<HV <HV <HV 2SWLRQDO

)URPWKHDERYHWDEOHZHPD\QRWLFHWKDWGLIIHUHQWVROXWLRQVRIK\GURJHQSURGXFWLRQKDYHGLIIHUHQWFRPSRQHQWV
WKXVUHVXOWLQJLQGLIIHUHQWLQYHVWPHQWFRVWVDVZHOODVGLIIHUHQWRSHUDWLQJFRVWV
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0HWKRGV
7KHFRPSDUDWLYHDQDO\VLVRIWKHSURSRVHGK\GURJHQSURGXFWLRQV\VWHPVDSSURDFKHVWZRFRPSRQHQWVUHVSHFWLYHO\
WHFKQLFDODQDO\VLVDQGILQDQFLDODQDO\VLV
7KHFRPSDUDWLYHV\VWHPDQDO\VLVIURPWKHWHFKQLFDOSHUVSHFWLYHZLVKHVWRKLJKOLJKWWKHGLIIHUHQFHVFRQFHUQLQJ
WKH W\SH RI HTXLSPHQWV IRUPLQJ WKH V\VWHP WKH HTXLSPHQWV¶ FDSDFLWLHV UHVXOWHG DIWHU SHUIRUPLQJ WKH SURGXFWLRQ
GLPHQVLRQLQJ FDOFXODWLRQV WKH RXWSXW RI WKH V\VWHP¶V FRPSRQHQWV WKH V\VWHP¶V JOREDO RXWSXW WKH WRWDO \HDUO\
TXDQWLW\RIHQHUJ\UHTXLUHG
7KHILQDQFLDODQDO\VLVGHWDLOV WKHDVSHFWV UHODWHG WR WKH LQYHVWPHQWYDOXHDQG WKH IRUHFDVWVFRQFHUQLQJ WKHSULFH
GHFUHDVHRIWKHVHV\VWHPVE\EDVHGRQWKHVWXGLHVSHUIRUPHGDW(XURSHDQOHYHO>@
'XHWRWKHODFNRIVSDFHLQWKLVVWXG\ZHVKDOOSUHVHQWRQO\WKHILQDQFLDODQDO\VLVRIK\GURJHQSURGXFWLRQV\VWHPV
E\ PHDQV RI VRODU HQHUJ\ 7KH PDLQ VWHSV RI WKH ILQDQFLDO DQDO\VLV DUH DVVHVVPHQW RI WRWDO FRVW RI LQYHVWPHQW
DVVHVVPHQW RI RSHUDWLQJ FRVWV DVVHVVPHQW RI \HDUO\ WRWDO FRVWV FDOFXODWLRQ RI WKH JROEDO FRVW FDOFXODWLRQ RI WKH
VSHFLILF LQYHVWPHQW FDOFXODWLRQ RI WKH K\GURJHQ SURGXFWLRQ FRVW FDOFXODWLRQ RI RWKHU LQGLFHV VSHFLILF WR WKH
K\GURJHQSURGXFWLRQV\VWHPVE\PHDQVRIVRODUHQHUJ\
7KHPDLQILQDQFLDOLQGLFHVVSHFLILFWRVXFKLQYHVWPHQWVDUHSUHVHQWHGDVIROORZV
D 7RWDO FRVW RI LQYHVWPHQW7KH ILUVW ORJLFDO VWHS LQ ILQDQFLDO DQDO\VLV LV WKH DVVHVVPHQW RI WKH WRWDO FRVW RI
LQYHVWPHQW>@7KHWRWDOFRVWRILQYHVWPHQWFDQEHFDOFXODWHGDVWKHVXPRIGLUHFWFRVWVDQGLQGLUHFWFRVWV
ZKHUH
, ,G ,F    
:KHUH,UHSUHVHQWVWKHWRWDOLQYHVWPHQWFRVW,GGLUHFWLQYHVWPHQW,FLQGLUHFWLQYHVWPHQWQDPHO\FRVWVUHODWHGWR
GHVLJQSURMHFW¶VFKHFNDXWKRUL]DWLRQVDQGSHUPLWVXQIRUHVHHDEOHH[SHQVHVHWF>@
,Q RUGHU WR DVVHVV WKH YDOXH RI WKH GLUHFW LQYHVWPHQW ZH XVHG WKH FDOFXODWLRQPHWKRG RI WKH LQYHVWPHQW YDOXH
EDVHGRQSULFHLQGLFHV
E<HDUO\WRWDOFRVWV7KHVHFRQGVWHSLQILQDQFLDODQDO\VLVLVWKHFDOFXODWLRQRIWKHRSHUDWLQJFRVWVDQGRIWKHWRWDO
LQFRPHVLIQHFHVVDU\>@7KH\HDUO\WRWDOFRVWVFDQEHFDOFXODWHGXVLQJWKHIROORZLQJIRUPXODV
,&WRWDOH &S'V    
:KHUH&WRWDOHUHSUHVHQWVWKH\HDUO\WRWDOFRVWV'VWKHVWXG\OHQJWKLQ\HDUV&SWKHSURGXFWLRQFRVW>@
,QWKHHQHUJ\ILHOGWKH\HDUO\SURGXFWLRQFRVWVFDQEHDVVHVVHGXVLQJWKHIRUPXOD
520&HHW&FRPE&S 	    
:KHUH &FRPEW UHSUHVHQWV WKH \HDUO\ H[SHQVHV ZLWK IXHO SXUFKDVLQJ&HH  WKH \HDUO\ H[SHQVHV ZLWK HOHFWULFDO
SRZHUSXUFKDVLQJ20	5RSHUDWLQJPDLQWHQDQFHDQGUHSDLUVFRVWVZKLFKGRHVQ¶WLQYROYHWKHXVHRIIXHO
F7RWDOFRVW7KHWRWDOFRVWLVFDOFXODWHGEDVHGRQWKHIROORZLQJIRUPXOD
'V&S,&    
:KHUH&UHSUHVHQWVWKHWRWDOFRVW>@
G &RVW RI K\GURJHQ 7KH FRVW RI K\GURJHQ LV FDOFXODWHG DV D UDWLR EHWZHHQ WKH \HDUO\ WRWDO FRVWV DQG WKH
SURGXFWLRQFDSDFLW\LQSK\VLFDOPHDVXULQJXQLWVQDPHO\
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&WRWDOHF 4I   
:KHUHFUHSUHVHQWVWKH\HDUO\FRVWRIK\GURJHQ4IWKHSURGXFWLRQFDSDFLW\LQSK\VLFDOPHDVXULQJXQLWV
H 6SHFLILF LQYHVWPHQW 7KH VSHFLILF LQYHVWPHQW LV FDOFXODWHG DV D UDWLR EHWZHHQ WKH WRWDO LQYHVWPHQW DQG WKH
SURGXFWLRQFDSDFLW\LQSK\VLFDOPHDVXULQJXQLWVQDPHO\
,LV 4I   
:KHUHLVUHSUHVHQWVWKHVSHFLILFLQYHVWPHQW>@
I6XUIDFHDUHDFRYHUHGE\WKHHQWLUHLQYHVWPHQWREMHFWLYHUHIHUVWRWKHHQWLUHVXUIDFHWDNHQRXWRIDJULFXOWXUHRU
EHLQJGHFRPPLVVLRQHGRQZKLFKWKHLQYHVWPHQWREMHFWLYHVKDOOEHEXLOW>@
5HVXOWVDQGGLVFXVVLRQV
7KHUHVXOWVDQGGLVFXVVLRQVUHODWHGWRWKHFDVHVWXG\DQDO\VHGLQ&KDSWHUDUHSUHVHQWHGDVIROORZV
:KHQFDOFXODWLQJWKH\HDUO\WRWDOFRVWVZHWRRNLQWRFRQVLGHUDWLRQWKHUHFRPPHQGDWLRQVIURPVFKRODUO\OLWHUDWXUH
>@LQZKLFKWKHVWXG\OHQJWKIRUWKHLQYHVWPHQWVLQILHHQHUJ\ILHOGPXVWEHXSWR\HDUVZKLOHLQRXUVWXG\ZH
FRQVLGHUHGD\HDUVSHULRG
5HVXOWV
%DVHGRQWKHPDWKHPDWLFPRGHOSUHVHQWHGDERYHDVZHOODVRQWKHGDWDSURYLGHGE\WKHVFKRODUO\OLWHUDWXUHZH
SHUIRUPHGWKHFDOFXODWLRQVIRUHDFKRIWKHIRXUWHFKQLFDOVROXWLRQVIRUWKHVROXWLRQV666DQG6UHVSHFWLYHO\
:KHQPDNLQJWKHFDOFXODWLRQVZHWRRNLQWRFRQVLGHUDWLRQWKHHYROXWLRQLQWLPHRIWKHWHFKQLFDOSHUIRUPDQFHVRI
WKHV\VWHPVSURSRVHGDVZHOODVRIWKHVSHFLILFLQYHVWPHQW7KHFDOFXODWLRQVZHUHPDGHIRUWKUHHGLIIHUHQWVFHQDULRV
QDPHO\IRUIRUDQGIRU
:HDOVRPDGHWKHFDOFXODWLRQVIRUWZRGLIIHUHQWVLWXDWLRQVQDPHO\
x ZLWKRXWWKHFRQQHFWLRQRIWKHSKRWRYROWDLFV\VWHPWRWKHSRZHUVXSSO\QHWZRUN
x ZLWKWKHFRQQHFWLRQRIWKHSKRWRYROWDLFV\VWHPWRWKHSRZHUVXSSO\QHWZRUN
,QRXUFDVHVWXG\WKHVXEVLGL]DWLRQRIUHQHZDEOHHQHUJ\ZDVDQDOL]HGDVIROORZV
x FDVHZLWKRXWVXEVLGL]DWLRQRIWKHUHQHZDEOHHQHUJ\
x FDVHZLWKVXEVLGL]DWLRQRIWKHUHQHZDEOHHQHUJ\E\PHDQVRIJUHHQFHUWLILFDWHVDFFRUGLQJWRWKHUHJXODWLRQVLQ
IRUFHLQ5RPDQLD
D6ROXWLRQZLWKRXWZLULQJWKHSKRWRYROWDLFV\VWHPWRWKHSRZHUQHWZRUN)LJSUHVHQWVWKHHYROXWLRQRIWKHFRVW
SULFH RI K\GURJHQ GXULQJ WKH \HDUV  IRU WKH FDVHZLWKRXWZLULQJ WKH SKRWRYROWDLF V\VWHP WR WKH SRZHU
QHWZRUNDQGZLWKRXWWKHVXEVLGL]DWLRQRIWKHUHQHZDEOHHQHUJ\E\PHDQVRIJUHHQFHUWLILFDWHV
)LJSUHVHQWVWKHHYROXWLRQRIWKHFRVWSULFHRIK\GURJHQGXULQJWKH\HDUVIRUWKHFDVHZLWKRXWZLULQJ
WKHSKRWRYROWDLFV\VWHPWRWKHSRZHUQHWZRUNDQGZLWKWKHVXEVLGL]DWLRQRIWKHUHQHZDEOHHQHUJ\E\PHDQVRIJUHHQ
FHUWLILFDWHV
)LJSUHVHQWV WKHHYROXWLRQRIKHDY\RLOSULFH7KHKHDY\RLOSULFHZDVFRQVLGHUHG WR IROORZ WKHHYROXWLRQRI
RLO¶VSULFHLQFUHDVHRIDERXWSDEHWZHHQWKH\HDUV>@
$QDO\]LQJWKHGDWDSUHVHQWHGLQ)LJLQUHODWLRQZLWKWKHGDWDSUHVHQWHGLQ)LJZHPD\QRWLFHWKDWVWDUWLQJ
ZLWKWKH\HDULWLVSRVVLEOHWKDWWKHK\GURJHQSULFHWREHFRPSHWLWLYHFRPSDUHGWRKHDY\RLOSULFH
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$QDO\]LQJWKHGDWDSUHVHQWHGLQ)LJLQUHODWLRQZLWKWKHGDWDSUHVHQWHGLQ)LJZHPD\QRWLFHWKDWVWDUWLQJ
ZLWKWKH\HDULWLVSRVVLEOHWKDWWKHK\GURJHQSULFHWREHFRPSHWLWLYHFRPSDUHGWRKHDY\RLOSULFH


)LJ7KHFRVWSULFHRIK\GURJHQFRQVLGHULQJWKHVROXWLRQZLWKRXWZLULQJWRWKHSRZHUQHWZRUNZLWKRXWVXEVLGLHVLQ(XURN:K

)LJ7KHFRVWSULFHRIK\GURJHQFRQVLGHULQJWKHVFHQDULRZLWKRXWZLULQJWRWKHSRZHUQHWZRUNZLWKVXEVLGLHVLQ(XURN:K

)LJ(YROXWLRQRIKHDY\RLOSULFHLQ(XURN:K
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%DVHG RQ WKH UHVXOWV REWDLQHG ZH UHFRPPHQG WKH LPSOHPHQWDWLRQ RI 6 V\VWHP LQ WKH FDVH RI WKH VROXWLRQ
ZLWKRXWZLULQJWRWKHSRZHUQHWZRUN
E6ROXWLRQZLWKZLULQJ WKHSKRWRYROWDLF V\VWHP WR WKHSRZHUQHWZRUN)LJSUHVHQWV WKHHYROXWLRQRI WKHFRVW
SULFH RI K\GURJHQ GXULQJ WKH \HDUV  IRU WKH FDVH ZLWK ZLULQJ WKH SKRWRYROWDLF V\VWHP WR WKH SRZHU
QHWZRUNDQGZLWKRXWWKHVXEVLGL]DWLRQRIWKHUHQHZDEOHHQHUJ\E\PHDQVRIJUHHQFHUWLILFDWHV


)LJ7KHFRVWSULFHRIK\GURJHQFRQVLGHULQJWKHVROXWLRQZLWKZLULQJWRWKHSRZHUQHWZRUNZLWKRXWVXEVLGLHVLQ(XURN:K
$QDO\]LQJWKHGDWDSUHVHQWHGLQ)LJLQUHODWLRQZLWKWKHGDWDSUHVHQWHGLQ)LJZHPD\QRWLFHWKDWVWDUWLQJ
ZLWKWKH\HDULWLVSRVVLEOHWKDWWKHK\GURJHQFRVWSULFHWREHFRPSHWLWLYHFRPSDUHGWRKHDY\RLOSULFH
)LJSUHVHQWVWKHHYROXWLRQRIWKHK\GURJHQFRVWSULFHEHWZHHQWKH\HDUVIRUWKHVROXWLRQZLWKZLULQJ
WKHSKRWRYROWDLFV\VWHPWRWKHSRZHUQHWZRUNDQGZLWKWKHVXEVLGL]DWLRQRIWKHUHQHZDEOHHQHUJ\E\PHDQVRIJUHHQ
FHUWLILFDWHVUHVSHFWLYHO\


)LJ7KHFRVWSULFHRIK\GURJHQFRQVLGHULQJWKHVFHQDULRZLWKZLULQJWRWKHSRZHUQHWZRUNZLWKVXEVLGLHVLQ(XURN:K
$QDO\]LQJWKHGDWDSUHVHQWHGLQ)LJLQUHODWLRQZLWKWKHGDWDSUHVHQWHGLQ)LJZHPD\QRWLFHWKDWVWDUWLQJ
ZLWKWKH\HDULWLVSRVVLEOHWKDWWKHK\GURJHQFRVWSULFHWREHFRPSHWLWLYHFRPSDUHGWRKHDY\RLOSULFHDQGZLWK
WKHVXEVLGL]DWLRQRIWKHUHQHZDEOHHQHUJ\E\PHDQVRIJUHHQFHUWLILFDWHVUHVSHFWLYHO\
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%DVHGRQWKHUHVXOWVREWDLQHGZHUHFRPPHQGWKHLPSOHPHQWDWLRQRI6V\VWHPLQWKHFDVHRIWKHVROXWLRQZLWK
ZLULQJWRWKHSRZHUQHWZRUN
'LVFXVVLRQV
%DVHGRQWKLVVWXG\SHUIRUPHGZHUHFRPPHQGWKHLPSOHPHQWDWLRQRIRQHRIWKHIROORZLQJWHFKQLFDOVROXWLRQV
x WKHV\VWHP6LIWKHV\VWHPLVQRWWREHFRQQHFWHGWRWKHSRZHUVXSSO\QHWZRUN
x WKHV\VWHP6LIWKHV\VWHPLVWREHFRQQHFWHGWRWKHSRZHUVXSSO\QHWZRUN
:HUHFRPPHQG WKH LPSOHPHQWDWLRQRI WKHVH WHFKQLFDOVROXWLRQVDVD UHVXOWRI WKHDGYDQWDJHVRI WKHVH WHFKQLFDO
VROXWLRQVDVFRPSDUHGWRWKHRWKHUDQDO\]HGWHFKQLFDOVROXWLRQV
$FFRUGLQJ WR WKH VWXG\SHUIRUPHG LW VHHPV WKDW WKHPRVW DGYDQWDJHRXV VROXWLRQ LV WRFRQQHFW WKHSKRWRYROWDLF
V\VWHP WR WKH SRZHU VXSSO\ QHWZRUN $OVR WKH WHFKQLFDO VROXWLRQV SUHVHQWHG DUH PRUH GHVLUDEOH LQ FDVH RI
VXEVLGL]DWLRQRIUHQHZDEOHHQHUJ\E\PHDQVRIWKHJUHHQFHUWLILFDWHV
&RQFOXVLRQV
7KLV SDSHU GHYHORSV IRU WKH ILUVW WLPH LQ WKH ILHOG RI WKH VRODU WHFKQRORJLHV WKH FRQFHSW RI D V\VWHP WKDW FDQ
VLPXOWDQHRXVO\SURGXFHPRUHWKDQWKUHHW\SHVRIHQHUJ\7KLVLVSRVVLEOHGXHWRWKHPRGXODUFRQFHSWLRQQDPHO\WKH
FRQFHSWLRQ RI VWDQGDUGL]HG PRGXOHV DV D VROXWLRQ IRU DWWUDFWLQJ DQG FRQFHQWUDWLQJ WKH VRODU UDGLDWLRQ EXW DOVR
GLIIHUHQWGHSHQGLQJRQWKHFRPSRQHQWZKLFKFRQYHUWVWKHHQHUJ\
$FFRUGLQJ WR WKLV VWXG\ VWDUWLQJ ZLWK  LW LV SRVVLEOH WKDW WKH SULFH RI K\GURJHQ PD\ EH FRPSHWLWLYH DV
FRPSDUHGWRWKHSULFHRIKHDY\RLO
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